patients with farmer's lung and other conditions. The purpose of the investigation was twofold: to investigate the relation between exposure to hay dust and symptoms in patients thought to be suffering from farmer's lung, and to obtain new information on the aetiology, pulmonary physiology, treatment, and diagnosis of the condition.
CLINICAL MATERIAL
Three groups of patients were studied.
FARMER'S LUNG PATIENTS The 16 patients with farmer's lung had all worked on farms in south-west England since childhood, except one patient who had kept a dairy farm for 10 years only. Their ages ranged from 25 to 57 years. There were five women in the group. They all fulfilled the following diagnostic criteria:
1. Symptoms should appear within 36 hours after the inhalation of mouldy vegetable dust (e.g., hay, corn, and grain).
2. Dyspnoea should be a prominent symptom. 3. Crepitations rather than rhonchi should be heard on auscultation of the chest during the acute illness. Where adventitious sounds are not heard, 'wheeze' should not have been a prominent symptom. This distinguishes the condition from 'asthma', which is characterized by paroxysms of dyspnoea accompanied by wheezing.
4. Where chest radiographs are available during or just after the acute illness, they should show bilateral diffuse reticulo-nodular shadowing. (Such films were available in 15 of the 16 patients.)
5. Positive findings diagnostic of other diseases should not be present (e.g., pulmonary tuberculosis and specific bacterial pneumonia).
No patient had a past or family history of asthma, hay fever, urticaria, or infantile eczema. Blood haemoglobin, total white counts, and absolute eosinophil counts were all normal, as were the electrocardiograms. Out of 14 patients, 10 had negative tuberculin tests to 100 T.U. (71%), two reacted to 100 T.U. (14%), and two reacted to 10 T.U. (14%). One of the negative reactors had evidence of an old calcified primary tuberculous complex on the chest radiograph, and another had had tuberculous cervical lymph nodes removed when a child. 182 group.bmj.com on June 26, 2017 -Published by http://thorax.bmj.com/ Downloaded from When they had recovered from their acute illnesses and had felt relatively well for three weeks, they were admitted to hospital for study. The aims of the tests were explained to each patient.
CONTROLS Forty-four people who clinically did not have farmer's lung or allergic asthma were tested in a similar manner to the patients with farmer's lung.
ALLERGIC ASTHMATICS Thirty-eight patients with asthma and evidence that specific, extrinsic allergic factors were contributory to their disability were also tested. The evidence was obtained from the clinical history, positive skin tests, and positive inhalation tests to certain allergens.
MATERIALS AND METHODS
TEST EXTRACTS The following were obtained.
Hay extracts (a) Eleven specimens of mouldy hay were obtained from farmer's lung patients. Each was defatted with acetone overnight. After decantation of the acetone, the product was treated with 0 5 % carbol-saline solution. This was added in the approximate proportion of 10% w/v, and the suspension was allowed to stand at room temperature for five days. The extracting fluid was filtered and dialysed against tap water for 24 hours. It was then Seitzfiltered and a filter was used which only allowed particles smaller than 0-7 ,s to pass through. Bacteria, spores, and other particulate matter were thus removed. The solutions obtained could be freeze-dried and reconstituted quantitatively into solutions of different strengths. A 1 % w/v concentration of the freeze-dried extract was the strength commonly used.
(b) Dr. P. H. Gregory supplied fractions of mouldy hay from the Rothamsted Experimental Station. This hay had been fractionated according to particle size using a 'wind tunnel'. In this technique a current of air passes over the hay specimen and blows the hay particles along a tube, the lighter particles travelling further than the heavier particles. In this way 'fine', 'medium', 'coarse', and 'extra-coarse' fractions of mouldy hay were obtained, depending on their approximate particle size. Extracts of these fractions were made as in (a), and 1 % w/v solutions were obtained.
(c) A specimen of 'good' or 'clean' hay was extracted as in (a Williams, and Wood (1962) 9. Steady-state carbon monoxide diffusing capacity (DL,0) by the method used by Macnamara, Prime, and Sinclair (1959) 10. White blood counts and absolute eosinophil counts 11. Chest radiographs.
All these studies could not be made during each inhalation test. Close observation of the patient was essential. The aerosols were given for a period of time to each patient starting with 10 seconds and then increasing on different days up to seven minutes, if no untoward symptoms had occurred. The term 'farmer's lung reaction' or 'reaction' was used if the symptoms of the acute illness of farmer's lung appeared after the inhalation of hay extract but not after the similar inhalation of carbol saline solution on a different day (although in each test the patient thought that hay was inhaled). If objective evidence of a disturbance in function was not obtained in a 'reaction', the test was usually repeated on a different day, using a slightly larger dose of hay extract, unless the original symptoms had been severe.
TECHNIQUE OF INHALATION TESTS WITH CRUDE HAY DUST
A mask containing loosely packed mouldy hay dust was made by wrapping the dust in several layers of dressing gauze. The mask was applied to the patient's mouth for up to 20 minutes, and a nose clip ensured that he breathed entirely through the gauze. The contents of the mask could not be seen or smelt by the patient. If a reaction was suspected, the test was repeated on a different day in a similar manner except that, unknown to the patient, wood shavings were used instead of mouldy hay dust. ISOLATION AND IDENTIFICATION OF FUNGI A specimen of each mouldy hay was inoculated into six Sabouraud dextrose-agar plates. Two were kept at room temperature and four at 37'C. The plates were retained for up to seven days.
Sputum was examined by the method used by Pepys, Riddell, Citron, Clayton, and Short (1959) .
The further identification of each culture was carried out by microscopy of smears stained with Lactophenol blue. SKIN TESTS Both prick skin tests and the intradermal injection of 0'1 ml. of extract were made. The extracting fluid, 0-5% carbol saline solution, was the control. The tests were read after 10 minutes, one hour, six hours, 24 hours, and 72 hours. Weals which were larger than those produced by the control solution were regarded as positive.
RESULTS
The fungi isolated on Sabouraud's medium from mouldy hay and from the sputum of farmer's lung patients are shown in Tables I and II respectively. Both prick and intradermal skin tests with 1% w/v extracts of various mouldy hay extracts were made on 16 farmer's lung patients, 30 normal controls, and 10 allergic asthmatics. Hay extract was mildly irritant, and non-specific weals appeared minutes after the injection. Delayed reactions were not seen. The skin reactions in farmer's lung patients and normal controls were similar, though the reactions in the allergic asthmatics were larger than these (Table III) . Clinical description of a typical reaction A patient inhaled an aerosol of mouldy hay extract for six minutes. He felt well immediately after this and there was no nasal or pharyngeal irritation. Four hours later he felt tired and about an hour afterwards he became shivery and then hot. He had a persistent, throbbing, frontal headache. He was more dyspnoeic on exertion than before the test though he was not dyspnoeic at rest. Six hours after the inhalation he noticed palpitations, i.e., a rapid, regular, and forceful beating of his heart. He complained of cough but this was not a prominent symptom. The symptoms subsided gradually and had disappeared six hours after their onset. He maintained they were the same as those symptoms he had felt at home after handling mouldy hay at work.
His temperature, pulse, and respiration charts after the inhalation of mouldy hay extract and a control solution on different days are shown in Figure 1 . The temperature started rising about five hours after the inhalation of hay extract, it remained elevated for about nine hours, and the highest temperature recorded was 101-4°F. (38 6°C.). The pulse and respiratory rates also rose.
Repeated chest auscultation showed that basal crepitations appeared five and a half hours after the inhalation and they were present for 16 hours. No rhonchi were heard during the reaction. There was no evidence of right-sided heart failure.
Symptoms during reactions Nothing abnormal was noticed by the nine patients immediately after the inhalations, and there was no change in physical signs. Symptoms and signs appeared gradually between three and eight and a half hours afterwards and usually lasted from four to 24 hours. = after the inhalation of an aerosol of a 1% solution of mouldy hay extract for six minutes; ----= after the inhalation of 0 5% carbol saline (Coca) solution for six minutes on a different day. Table V shows the more prominent symptoms. Malaise, fatigue, and anorexia were always the first to appear. They were usually followed about an hour later by the patient feeling shivery and then hot. This symptom occurred even if no fever was found. Five patients complained of slight dyspnoea at rest, but all had increased effort dyspnoea in reactions. No patient complained of pleuritic chest pain, but five had a retrosternal sensation of tightness.
1% Extract
All but one patient volunteered that the induced reaction was the illness they had known after working with mouldy hay. The other patient stated that the reaction was similar to his previous illness, but general symptoms were more prominent in the induced reaction. Other investigations A blood leucocytosis of over 12,000/c.mm. occurred in six out of 11 reactions (Table VI) . No significant change was seen in the absolute eosinophil counts. Chest radiographs taken after reactions had not altered when compared with those taken before.
Pulmonary function studies The main changes during reactions are shown in Table VII. A slight but definite fall in F.E.V.1, F.V.C., M.V.V., and P.E.F.R. occurred (Figs. 2, 3, and 4) (Fig. 5) .
The static lung compliance estimations are shown in Figure 6 . A marked fall was observed in nine reactions. In three reactions there was little change. Of these, reactions 10 and 11 were mild and characterized by symptoms only; reaction 12 was typical but unfortunately compliance estimations were not obtained at the height of the reaction. Crepitations were heard on chest auscultation where a compliance change occurred. Compliance fell more than the F.E.V.1 and F.V.C. (Fig. 4) . 
INHALATION TESTS ON ALLERGIC ASTHMATICS
A 50-year-old farmer, who suffered from asthma, thought that his symptoms became worse after exposure to mouldy hay dust. He had positive skin tests to extracts of Aspergillus and Penicillium. After the inhalation of a 1 % w/v mouldy hay extract for five seconds, he noticed slight nasal irritation, dyspnoea, and wheeze within minutes. Auscultation of his chest at this time showed that rhonchi had appeared but no crepitations were heard. Both his F.E.V.1 and F.V.C. fell (Fig. 7) . The inhalation of Coca (Carbol-saline) solution for five seconds before this test had no effect. Baldus and Peter (1960) and Staines and Forman (1961) have described a total of three patients who became ill after the experimental inhalation of hay dust. Two of these patients were breathless for days. The inhalation tests with mouldy hay dust which I described produced a mild positive reaction in one patient which lasted hours. Inhalation tests with aerosols of water-soluble, Seitz-filtered extracts of mouldy hay have not been described previously. The clinical features during the reactions in these tests were very similar to (a) those described in the acute illness of farmer's lung, (b) those produced in the inhalation tests with crude mouldy hay dust, and (c) the illness these patients had suffered previously after contact with mouldy hay in their work. Seitz-filtered extracts of mouldy hay will thus have the same acute effects on farmer's lung patients as crude mouldy hay dust. Williams and Mulhall (1956) bronchioles by hay and fungus spores might be important in the causation of the acute symptoms of farmer's lung. Pickworth (1961) stated that such mechanical interference may be due to the swelling and germination of the spores of the fungi. As nebulized mists of mouldy hay extracts, in which all the solid particles were smaller than 0 7 ju, produced the same symptoms and signs of the acute illness as the crude hay, the mechanical blocking effect of hay particles on the smaller air passages must clearly be unimportant. The chemical properties of the dust and its extract seem much more important.
Moderate reductions in ventilatory function were noted in the positive inhalation tests with mouldy hay reported by Baldus and Peter (1960) , and by Staines and Forman (1961 Mouldy hay or its extract produced acute illnesses in farmer's lung patients but not in the controls. It does not appear therefore to act as a non-specific pulmonary irritant, as suggested by Studdert (1953) , or as a toxin, as proposed by Frankland and Hamilton (1958) . This specificity of mouldy hay extract in producing acute illnesses in farmer's lung patients only, suggests that these patients are hypersensitive either to it or some constituent of it. Most farmer's lung patients studied had worked intermittently with mouldy hay for many years before clinical evidence of the disease was seen. A long period of exposure may therefore be necessary before sensitization occurs. It is not known whether sensitization to mouldy hay occurs only in certain people or whether it may occur in anyone, provided there is adequate exposure to the dust. An outbreak of 'weaver's cough', a disease similar clinically to farmer's lung, was due to the use of tamarind seed powder as a sizing agent in the weaving industry (Murray, Dingwall-Fordyce, and Lane, 1957) . Inhalation tests with this substance reproduced the illness in patients with this condition but not at first in controls (Tuffnell and Dingwall-Fordyce, 1957 If hypersensitivity to mouldy hay is responsible for the acute illnesses of farmer's lung then antibodies to mouldy hay may be present in farmer's lung patients. Pepys, Riddell, Citron, and Clayton (1962) have shown that precipitins to mouldy hay extracts are present in the sera of farmer's lung patients. Rankin (1962) described similar precipitins which seemed specific for farmer's lung patients. Parish (1961, and to be published) produced reactions similar clinically to farmer's lung in guinea-pigs and rabbits previously sensitized to mouldy hay dust, by further exposure to the dust.
Only animals with serum precipitins to mouldy hay reacted. The histological changes seen in the lungs of farmer's lung patients are similar to those described in rats after the intratracheal injection of rabbit anti-lung serum (Read, 1958) . This supports the theory that farmer's lung is due to hypersensitivity.
The difference between the reactions seen in farmer's lung patients, using mouldy hay extracts, and those described in allergic asthmatics, using appropriate allergens, reflects some of the differences between farmer's lung and asthma. Fuller (1953) stressed the clinical differences. Asthmatic reactions usually appear minutes and farmer's lung reactions hours after exposure. General reactions characterized by nausea, flushing, pallor, and faintness occur in asthmatics but are uncommon if the quantities of allergen used produce mild respiratory symptoms only. The farmer's lung reactions described all showed marked general disturbances although respiratory distress was slight. Rhonchi appeared in the asthmatic, while crepitations were heard in the farmer's lung reaction. In both there was a fall in vital capacity. In the asthmatic it was due to reversible bronchial airway obstruction whereas in farmer's lung it was due mainly to a reduction in pulmonary compliance. It seems that the site of the pathological processes is different in the two diseases. The asthmatic reaction involves the bronchial and bronchiolar airways but farmer's lung the more peripheral passages.
Mouldy hay contains quantitatively more fungi and their spores than 'good' hay (Gregory and Bunce, 1961) . It produces the clinical features of farmer's lung whereas 'good' hay does not. Thus fungi have often been postulated as the cause of farmer's lung. Quinlan and Hiltz (1959) Soucheray (1954 ), Helms (1959 , and Uyterlinde (1959) have suggested that C. albicans might be the cause of farmer's lung. The failure of its extract to reproduce the acute farmer's lung illness, while smaller quantities of mouldy hay extract were effective, shows that it has no direct causative effect in this illness.
Although inhalation tests with extracts of Aspergillus and Penicillium did not produce farmer's lung reactions, they did produce wheeze in certain asthmatics. An asthmatic farmer described here (Figs. 7, 8, and 9) had subjective and objective evidence of bronchospasm after the inhalation of extracts of mouldy hay, Penicillium, and Aspergillus. Credille (1933) described an asthmatic farmer with positive skin reactions to A. fumigatus extracts, who wheezed whenever he opened his silo. Allergic pulmonary aspergillosis (Hinson, Moon, and Plummer, 1952 ) resembles farmer's lung as, in both, dyspnoea and fever may follow exposure to mouldy hay. The former is associated with wheeze, a previous allergic history, the expectoration of plugs, blood and sputum eosinophilia, and transient localized pulmonary radiological infiltrations. These patients react to extracts of Aspergillus. Thus skin tests produce weals, inhalation tests increase bronchial airway obstruction, and their serum contains antibodies which give precipitation reactions (Citron and Pepys, 1958; Pepys et al., 1959) . Confusion still exists in distinguishing farmer's lung from pulmonary aspergillosis. Jackson and Yow (1961) described two patients with 'farmer's lung' or 'pulmonary infiltration with eosinophilia'. Patient I had a past history of nasal allergy, a marked blood eosinophilia, Aspergillus persistently grown on sputum culture, and a chest radiograph compatible with pulmonary aspergillosis. No mention is made of dyspnoea and wheeze but the onesecond timed vital capacity was 44% of the total vital capacity, suggesting that bronchial airway obstruction was present. Patient II had wheeze, blood eosinophilia, and brown sputum, and here again the chest radiograph was compatible with pulmonary aspergillosis. Similarly, Rongi6res and Pesle (1961) describe a patient (Observation No. 2 -Mme. T. Lucienne) with wheeze, who expectorated brown solid plugs containing Aspergillus, had a blood eosinophilia, and whose bronchogram showed bronchiectasis. These patients all developed symptoms after exposure to mouldy vegetable matter. Although the diagnosis in these patients has been 'farmer's lung' or 'maladie des batteurs', the descriptions given would fit that of allergic pulmonary aspergillosis. (Table VIII) showed that the substance responsible for the acute reactions was found in the 'coarse' and 'extra coarse' fractions rather than in the 'fine' and 'medium'. The former fractions differed in composition from the latter as they contained much more plant fragments, hay fibre, grass pollen, and some mycelium of fungi. Now similarly prepared extracts of grass pollen were shown to produce hay fever and asthma in certain asthmatics, but could not produce the farmer's lung type of reaction in farmer's lung patients. Extracts of the identified moulds and spores were tested separately and could not produce farmer's lung reactions. The other constituents of the 'coarse' and 'extra coarse' fractions which were not present in any quantity in the 'fine' and 'medium' fractions were plant fragments and hay fibre, and therefore these are most likely to contain the active substance. The failure of the 'fine' and 'medium' fractions, which consisted mainly of bacteria, actinomycetes, Monotospora, and other fungal spores to produce reactions, makes it unlikely that these cause the acute illness of farmer's lung directly.
It might seem odd that reactions were only produced in this experiment by the substances extracted from the larger particles (above 20 tu in size). The reactions described in farmer's lung patients suggested that the alveoli and terminal bronchioles were affected rather than the larger airways. In the natural unextracted state it would be difficult for the larger particles to reach the small airways where these reactions seem to occur. Foreign materials of comparable size to the larger particles have been seen in the giant cells in lung biopsy specimens of farmer's lung patients (Totten and others, 1958) . If the larger particles are inhaled, the active substances may be dissolved in the bronchial secretions and the extracts either absorbed or aspirated peripherally into the alveoli and bronchioles to produce their effects. It is more likely, however, that the active substance is concentrated in the coarser particles consisting of the plant fibre, but fragments are also present in small quantities in the 'fine' and 'medium' fractions. In the experiment described the quantity of plant fibre in the 'fine' and 'medium' extracts was insufficient to produce a reaction after six minutes but may have been sufficient after a few hours' exposure, as often occurs in threshing.
As the evidence presented is against hay fungi and bacteria causing the acute illness of farmer's lung, attention must be given to the hay fibre. Inhalation tests with 'good' hay extracts failed to produce a reaction whereas those with mouldy hay did. It is possible that the hay bacteria and fungi act on the hay fibre producing the substances responsible for farmer's lung. 'Good' hay inoculated artificially with Aspergillus and Mucor failed to produce reactions. When hay becomes mouldy, the heat generated may cause chemical alteration of the hay fibre. Inhalation tests with autoclaved 'clean' hay extracts were also negative, however. The actual process which takes place in the hay substance, converting 'clean' hay into 'farmer's lung-producing' hay, is still not explained. Pepys and others (1962) found that heating good hay and then inoculating it with fungi produced extracts which showed increased antigenicity for farmer's lung sera. This resembles the natural process in the formation of mouldy hay in the course of which overheating of the hay occurs. This suggests that the combined process may be involved in making 'farmer's lung-producing' hay from 'good' hay.
The acute illness of farmer's lung usually improves if further exposure to mouldy hay dust is avoided. The clinical assessment of various treatments is therefore difficult. Corticosteroid therapy has been used in this disease by Dickie and Rankin (1958) . In uncontrolled observations they thought this treatment beneficial. The fact that prednisolone protected a patient from an induced reaction is useful confirmatory evidence of the value of the drug in this disease. Corticosteroid therapy cannot, however, be regarded as a substitute for the prevention of exposure of the patient to mouldy hay dust. The failure of isoprenaline to produce significant objective improvement in the acute reactions studied, shows that this drug is of little value in treatment.
Farmer's lung must be recognized early so that further exposure of the patient to mouldy hay dust may be prevented. As this may result in a change of occupation and possible economic hardship, it is important that the diagnosis is correct. 
